on the Cell website). Quantitation of synapare responsible for neurexin-induced clustering of postsynaptic proteins, we created a series of mutations in sin-immunonegative clusters on dendrites underlying transfected fibroblasts revealed a significant increase which each individual region was deleted and assayed synaptogenic activity in the neuron-fibroblast coculture. in cluster number and total intensity of both gephyrin and PSD-95 for cells expressing neurexin-CFP comWe found that the LNS domain is responsible for clustering both gephyrin and PSD-95 ( Figure 1G ). While delepared with mCFP control (Figures 1E and 1F) . The num- This result was confirmed using an antibody against we tested whether neurexin can cluster dystroglycan in contacting dendrites. We found that neither ␣-dystroglyendogenous neuroligin-2: it clustered in dendrites at Neuroligins Localize to GABA that it would mislocalize in cultured neurons to cover the entire dendritic surface. If neuroligin has a key role and Glutamate Synapses Whereas endogenous neuroligin-1 localizes to glutain synaptogenesis, the excess nonsynaptically localized neuroligin might be expected to disperse other synaptic mate but not GABA synapses in the brain (Song et al.,  1999) , the subcellular localization of the other neurolicomponents away from synapses. Indeed, mislocalized expression of HA-neuroligin-2, but not HA-CD8, used as gins is not known. We thus determined the distribution of endogenous neuroligin-2 in hippocampal neurons. a control, reduced both GABAergic and glutamatergic dendritic postsynaptic protein clusters, dispersing PSDNeuroligin-2 immunoreactivity was highly punctate in dendrites but did not colocalize with the glutamatergic 95, gephyrin, GABAR, and NR1 ( Figure 7A ). The number, total area, and total intensity of dendritic clusters of all synaptic proteins PSD-95 or VGlut1 ( Figure 6A) . Instead, neuroligin-2 coclustered precisely with gephyrin appostsynaptic proteins assayed were significantly reduced in the HA-neuroligin-2 expressing neurons as posed to GAD-immunoreactive terminals ( Figure 6B . We reasoned that perhaps high levels of an essential postsynaptic component for maintaining both glutamatergic and GABAergic synapses. PSD-95 in a neuron can recruit neuroligin-2 from GABA to glutamate synapses. Indeed, we found that expression of PSD-95-CFP to increase levels of PSD-95 reDiscussion sulted in a redistribution of YFP-neuroligin-2 from exclusively GABAergic synapses to both GABAergic and We present here evidence that neurexins and neuroliglutamatergic synapses ( Figure 6F ). Thus, depending gins are essential for GABAergic and glutamatergic synon the level of endogenous PSD-95, neuroligin-2 may aptogenesis and sufficient to trigger this process. Neube exclusively clustered at inhibitory synapses or clusrexins at glutamate synapses actively signal to dendrites tered at both inhibitory and excitatory synapses. In conto trigger clustering of glutamate postsynaptic scaffoldtrast, YFP-neuroligin-3 and -4 behaved essentially idening proteins, signal transducing enzymes, and NMDA tically to neuroligin-1; all were partially diffuse and glutamate receptors. The signaling mechanism occurs partially clustered at glutamatergic synapses alone, agby simple aggregation of neuroligins. Disruption of the gregated more at glutamate synapses with higher levels neurexin-neuroligin system results in disassembly of exof PSD-95, but not concentrated at GABA synapses isting glutamate synapses and loss of transmission. (data not shown). Thus, neuroligin-2 appears unique in Moreover, the role of neurexins and neuroligins is not its ability to associate with GABA synapses and to shutrestricted to glutamate synapses. Although we initially tle between GABA and glutamate synapses.
assessed GABAergic synapses as an expected negative control, the evidence pointing to a central role for neurexins and neuroligins at GABA synapses is as compelMislocalized Expression of Neuroligin Disrupts Synapses ling as for glutamate synapses. We conclude that neurexins and neuroligin-2 mediate GABAergic synaptogenWe next determined whether neuroligins play an active role in endogenous glutamatergic and GABAergic synesis based on the following findings: (1) neuroligin induces clustering of GAD and vesicular GABA transporter apse formation. We expressed neuroligin-2 tagged with HA at its N terminus (HA-neuroligin-2) at high level so (VGAT) presynaptically, (2) neurexin induces clustering 
